A digital magnetic memory cell device for read and/or write operations having a first and a Second magnetic layer, the magnetization of which is oriented parallel or antiparallel for the Storage of digital information. An intermediate layer is disposed between the first and Second magnetic layers. A pair of interSecting conductors are disposed to Switch the magnetization of at least one of the two magnetic layers in a memory cell defined by the intersection thereof when a read or a write current is applied thereto. The conductors interSect at an angle B So that current pulses having a pulse duration <10 ns make it possible to Switch the magnetization of a cell fully and Securely from a parallel to an antiparallel orientation and Vice versa. The invention concerns a digital magnetic memory cell device for reading and/or writing operations with a first and a Second magnetic layer, whose magnetizations are aligned parallel or antiparallel to one another for Storing digital information, whereby at least one of the magnetic layerS has a magnetic anisotropy as well as a method for the reading/ Writing of digital information to a digital memory cell device In addition, a digital memory device comprising a multiple number of memory cell devices and a method for reading/ Writing digital information to Such a digital memory device is disclosed.
DESCRIPTION OF THE RELATED ART
Currently, a multiple number of magnetic memories with freely selectable access (MRAM) have been developed.
An MRAM comprises a multiple number of magnetic memory cell devices. Each memory cell device comprises at least two magnetic layers, which are Separated by an inter mediate layer. The two magnetic layerS may be magnetized parallel or antiparallel to one another. The two aforemen tioned States represent each time one bit of information, i.e., the logical Zero ("0") or one ("1") state. If the relative orientation of the magnetization of the two layerS is changed from parallel to antiparallel or Vice versa, then the magne toresistance typically changes by a few percent. This change in the resistance may be used for the readout from the memory cell of Stored digital information. The change of cell resistance may be recognized by a Voltage or current change, depending on wiring. For example, in the case of a voltage increase, the cell with a logical Zero ("0") can be validated and in the case of a Voltage decrease, the cell with a logical one ("1") can be validated.
Magnetic memory cells, which use the magnetoresistance effect for Storage of digital information, have been made known from a plurality of publications.
Refer to the following in this regard: EPO 759, 619 and DE 197 17, 123 An important advantage of magnetic memory cells, as described above, can be seen from the fact that the infor mation is Stored persistently in this type and manner, for example, in contrast to conventional Semiconductor memories, and consequently after turning off the device in which the memory cells are used, and then again turning it on, the Stored information is immediately available. In addition, Storage media that are very resistant to radiation or "radiation-fast' are obtained.
A digital memory device for reading and/or writing opera tions has been made known from DE 19534.856, which has a first magnetic layer and a Second magnetic layer as well as a separating layer lying in between for conducting the read and/or write currents, whereby a directional change of the magnetization in one or both layerS is effected, lasting over the time interval of the flowing current. The disclosure content of DE 19534,856 with respect to a digital memory device according to the prior art is taken up to the full extent in the disclosure content of the present application. A disadvantage of the digital memory device according to DE 19534,856 is the fact that the addressing of the memory cell or individual memory cells of a memory cell matrix in an MRAM arrangement is conducted only by the position of the memory cell. This process is in no way optimal in regard to the time durations, particularly short or ultra-short time durations, in the case of Several Sequentially connected memory cells, the problem arises, in particular, that the coercive fields of the individual MRAM memory cells have a certain Scatter as a result of irregularities, for example pinning centers.
AS a result of this, it happens that not only is the desired memory cell addressed at the point of interSection but, rather, adjacent cells are also addressed, especially in the case of combining a plurality of the memory cell devices, which are known from DE 19534.856, to give a memory device, e.g. in matrix form.
A magnetic memory device has become known from U.S. Pat. No. 5,448,515 that comprises a plurality of memory cells by means of which information can be a written into and read from the addressed memory cells as a result of remagnetization with the help of current pulses.
A disadvantage of this memory device was that writing in took place Via currents or current pulses of unspecified time duration and the writing and reading conductors constantly enclosed an angle of 90.
The memory device that is known from U.S. Pat. No. 5,276,639 is a Superconducting magnetic memory device. In the case of this magnetic memory device, likewise, current pulses with a long duration of more than 15 nS are trans formed for the purpose of writing in and reading out.
A The object of the invention is to avoid the disadvantages of the prior art that are described above and, in particular, to indicate a magnetic memory cell device in the case of which the reversing process both with respect to time as well as also with respect to the Selection of the respective cells, i.e., very short Switching times may also be realized. In particular, a Secure and rapid Switching of the addressed cells will be obtained with the combination of a multiple number of memory cells or memory cell devices into one digital memory unit, for example in matrix form or in the form of an array, even if the material properties fluctuate from cell to cell within the tolerance framework.
Another aspect of the invention is the indication of a method for optimized reversing of Such a memory cell device. In addition, the invention aims at minimizing the power consumption necessary for reversing and thus mini mizes the heat losses discharged from a module.
The object is resolved according to the invention by the fact that in a digital magnetic memory cell device according to claim 1, the reversal means comprise devices for produc ing currents and/or current pulses on a first and a Second printed conductor of at least two interSecting printed conductors, wherein the printed conductors interSect at a predetermined angle, So that a complete and reliable reversal of the magnetization from a parallel to an antiparallel alignment is achieved with current pulses of a time duration of <10 ns in the interSection region in the memory cell device.
If clock times of 10 ns corresponding to 100 MHz and faster are aimed at for MRAM memories, then the length of a field pulse for writing in digital information, for example, amounts to a maximum of 5 ns. Even with Such short pulse durations, a stable Switching must also be obtained in the case of writing processes directly following one another. The method of the invention makes available a rapid Switching of MRAM memory cells, which satisfies the conditions: If a magnetic field is applied to a memory cell, then the direction of the magnetization shows precession over the direction of the field acting in the layer.
It is to the merit of the inventor to have made known the following for solving the object of the invention:
If the duration of the magnetic field pulse applied for Switching is too long, i.e., typically longer than 5 ns, then very many precession reversals occur during the application of the Switching pulse, and the Switching is determined by dissipative mechanisms, described by an attenuation con Stant C. The Zeeman energy introduced by applying the external field is energetically dissipated by an attenuation mechanism.
If the pulse length is short, typically shorter than 5 ns, the remagnetization behavior is essentially more intensely deter mined by the precession behavior of the magnetization, and with a further decreasing pulse length, this tendency is even Stronger. The precession is barely attenuated up to the end of the field pulse, and the direction of magnetization as well as the content of the information written in depends to a great extent in which direction the magnetization lies at the end of the applied field pulse, So that the memory cell devices known from the prior art and read/write operations do not have stable Switching behavior, particularly in the case of fluctuating material and pulse parameters.
The Switching proceSS in a magnetic memory cell can be described by the Gilbert form of the Landau-Lifschitz equa tion:
( 1) Reference is made in this regard, for example, to T. L. Gilbert, Phys. Rev. 100, 1243 (1955 , whereby the disclo Sure content of thus article is included to the full extent in the present application.
The first term on the right side of equation (1) describes the precession of the magnetization, and the Second term describes the attenuation, wherein C. is a phenomenological attenuation parameter.
The effective field H eff is defined by the sum of all fields, which act on the magnetization: Solutions to equation (1) can be found, for example, by means of a Runge-Kutta algorithm, as is described in J. R. Dormand, P. J. Prince, J. Computat and Appl. Mat. 7, 67 (1981), whose disclosure content is taken up to the full extent in the present application. By appropriate Selection of the ratio of currents in the two current-bearing conductors as well as the pulse durations, a predetermined angle 0 of the magnetic field can be Set beforehand opposite the facilitated direction of the magne tization. If the pulse duration and the angle 0 are Set, as described later on, then Stable and complete reversing of the memory cells is achieved even in the case of very short Switching pulses of <10 ns, and particularly of <5 ns.
In a particularly advantageous configuration of the invention, the pulse durations are Selected Such that the complete reversal is achieved simultaneously with minimum power consumption.
In a first form of embodiment of the invention, unipolar pulses with a specific pulse duration are applied to the conductors.
In a Second form of embodiment, instead of unipolar pulses on the two conductors, bipolar pulses are applied to S one conductor and a Static current or current pulse is applied to the other printed conductor. The bipolar pulse is tuned precisely to the reversing time of the memory cell device in the length of the first half-wave and couples resonantly to the reversal of magnetization. It is applied to the writing conductor, in which a magnetic field is produced perpen dicular to the facilitated direction of magnetization in the layer to be reversed. A Static current or a current pulse, whose length is longer than the half-wave time of the bipolar pulse, is applied to the other printed conductor. This pro duces a magnetic field perpendicular to the reversing field. In a particularly simple configuration, the printed conductors are arranged Such that they are perpendicular to one another in the memory cell device, i.e., they intersect at a right angle.
Other angles Bz90 at which the printed conductors interSect are also possible. For example, it may be advan tageously provided for Specific pulse durations that the printed conductors run parallel at least on a partial Segment, i.e., f=0 or one of the two printed conductors runs diago nally over the memory matrix, i.e., fis45.
The magnetic anisotropy of the layers, the basis for the formation of a direction of facilitated magnetization is preferably obtained by means of incremental processes and/or a shape anisotropy, for example, an ellipsoid edging of the layers. It is particularly preferred if the magnetization must be reversed only in one layer, whereas it is retained in the other layer, also with Switching pulses. Such behavior is achieved by the fact that in a further enhanced form of embodiment of the invention, one of the two magnetic layers is magnetically harder than the other, for example, due to the fact that one of the layerS is thicker than the other layer, or one of the layerS has contact with an antiferromagnetic layer. In a particularly simple configuration of the invention, one of the printed conductors lies parallel to the direction of facilitated magnetization in the interSecting region.
In addition to the above-described memory cell device, the invention also makes available a method for writing digital information to Such a memory cell device. The method according to the invention is characterized by the fact that currents and/or current pulses with a pulse duration of <10 ns are applied onto the two printed conductors, So that in the interSecting region of the printed conductors a mag netic field at an angle 0 opposite to the direction of facili tated magnetization is built up by the current pulses, whereby the relative orientation of the magnetization can be changed and thus information can be written into a memory cell.
In a first form of embodiment of the invention, the current pulses can be unipolar current pulses. In a Second enhanced form of embodiment, the current pulse, which is applied to the printed conductor, at which the current flux produces a magnetic field perpendicular to the direction of facilitated magnetization is a bipolar current pulse and a current or current pulse is preferably applied on the other printed conductor with a time duration, which is longer than the half-wave duration of the bipolar current pulse. The half wave duration preferably amounts to less than 10 ns.
In an advantageous form of embodiment, it is provided to undertake the Setting of angle 0 to the direction of facilitated magnetization by Selection of the ratio of current intensities of the current pulses to one another.
The memory cell device according to the invention is part of a digital memory device with a multiple number of Such memory cell devices in a preferred form of embodiment. Each of the memory cell devices has at least two interSecting printed conductors. Preferably, the memory cell devices can be applied as an array in matrix form. In one form of embodiment of the invention, common reversing means are assigned to a multiple number of printed conductors arranged in rows or columns.
In a particularly Simple form of embodiment, the mag netically harder layer of the individual memory cell devices can be extended out over Several cells.
In Such a digital memory device, the method according to the invention for remagnetizing a memory cell device can be applied with Special advantage. In particular, Such a process makes possible a precise addressing of the individual memory cells of the matrix on the basis of a Selection of those memory cells by means of a time Scale, in which the resulting field pulse is applied at an angle 0, which is exactly the case in the interSecting region of two interSecting current-bearing conductors. Remagnetization is then pro duced by a rotation of the magnetization from the antipar allel to the parallel alignment or orientation or Vice versa. In the case of Short Switching times according to the invention, the angle 0 at which the Switching magnetic field is applied, is of decisive importance, Since the precession is hardly attenuated up to the end of the field pulse and the Zeeman energy introduced into the System by applying the field pulse, in order to achieve a stable Switching, must again be taken from the System in the form of Zeeman energy. If this is maintained, then only the cells lying in the interSecting region of the current-conducting conductors are Selected with the method of the invention, based on the pulse duration and, as the case may be, the current intensity, i.e., the reversing is produced without influencing the adjacent cells. These latter cells maintain their magnetization despite the Switching pulses. Fluctuations of the pulse width or duration and of material properties clearly have a Smaller influence on the stability of Switching.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described in more detail below on the basis of the figures and examples of embodiment. (FIG. 1a) and in a top view (FIG.  1b) .
A digital magnetic memory cell device for read and/or write operations having a first and a Second magnetic layer, the magnetization of which is oriented parallel or antipar allel for the Storage of digital information. An Intermediate layer is disposed between the first and Second magnetic layers. a pair of interSecting conductors are disposed to Switch the magnetization of at least one of the two magnetic layers in a memory cell defined by the intersection therof when a read or a write current is applied thereto. The conductors interSect at an angle B So that current pulses having a pulse duration <10 ns make it possible to Switch the magnetization of a cell fully and Securely from a parallel to an antiparallel orientation and Vice aversa.
The digital memory cell device according to the invention comprises a first magnetic layer 3 as well as a Second magnetic layer 5 with non-magnetic Separating layer 7 lying in between. Both the first magnetic layer as well as he Second magnetic layer essentially involve permanent or ferromagnetic layers. 5,650,958 whose disclosure content is completely included in the present application. The two permanent or ferromagnetic layerS 3, 5 are only a few nm thick, as is also the non-magnetic intermediate layer 7. Preferably, the second ferromagnetic layer 5 has an elliptical configuration, while on the other hand, the lower first ferromagnetic layer 3 has a rectangular configuration, or unstructured layers are common to all memory cells. The magnetically harder layer 3 could be arranged on the top in an alternative form of embodiment, and the magnetically Softer layer on the bottom. Based on the magnetic shape anisotropy impressed by the elliptical shape, the magneti Zation of the elliptically shaped Second magnetically Softer layer 5 points in the direction of the long axis of the ellipse; i.e., the two magnetizations can be parallel or antiparallel to one another. The layer thickness of intermediate layer 7 makes possible the Setting of a predetermined coupling between the two magnetic layers 3, 5, in which, in the present example of embodiment, one is formed magnetically harder than the other, but this is not absolutely necessary for the invention.
By appropriate layer thicknesses, one can achieve a very Small coupling between the magnetic layers, So that the anisotropy of the memory cells is essentially determined by the second layer 5.
It is particularly preferred to provide Suitable measures So that the magnetization in the first layer no longer changes direction once it is taken, So that the parallel or antiparallel adjustment of the magnetization of the two layerS relative to one another is determined only by the alignment of the magnetization in the first layer.
The first layer 3 is thus magnetically harder than the second layer 5. The most effective measure, to form one of the two layers magnetically harder than the other, consists of forming the layer thicknesses differently for the magnetic layers. If the layer thickness of the first lower layer amounts to approxi mately 10 nm and that of the Second upper layer amounts to only 1 to 2 nm, for example, the coercive field Strength of the first layer is clearly Smaller than that of the Second layer, by which the magnetization in the Second layer can be viewed as invariable or frozen.
Two printed conductors 9, 11 are formed over the upper most Second layer, and these are separated from one another by an isolating layer 13. The two printed conductors 9, 11 are presently arranged at an angle of 90 relative to one another, but not limited thereto, and interSect, as can be seen in FIG. 1b , at point K. Each of the two printed conductors 9, 11 is connected to a device for generating currents or current pulses. Thus the current-producing device 20 is connected with the printed conductor 11 and the current producing device 22 is connected with the printed conductor 9 by means of lines 24, 26.
By a current or current pulse through printed conductor 9, a magnetic field can be built up perpendicular to the direc tion of facilitated magnetization and a magnetic field can be constructed parallel to the direction of facilitated magneti Zation by a current or current pulse through printed conduc tor 11. The printed conductors of the cells shown intersect at an intersection hinge point Kat a right angle, i.e., f=90. Of course, other arrangements are also conceivable, particularly an arrangement, in which printed conductors, 9, 11 run parallel to one another in the region of the memory cells and the interSection point lies outside the memory cells. This may be advantageous, particularly in the case of Very short Switching times, from the viewpoint of Stability.
A digital memory device comprised of a multiple number of memory cells according to FIG. 1 is shown in FIG. 2 . The individual memory cells are constructed in the form of an array. The array comprises a multiple number of first con ductors 11.1, 11.2, 11.3 as well as a multiple number of second conductors 9.1, 9.2 and 9.3, which are perpendicular Each one of the first write conductors 11.1, 11.2 and 11.3 can be controlled by the current pulse device 30; each of the conductors 9.1, 9.2 and 9.3 can be controlled by means of the current pulse device 32. The current pulse devices 30, 32 in turn may be connected with a microprocessor or a central processing unit or CPU. It is the basic concept of the present invention, with the help of means for producing current pulses, to optimize the reversing behavior of a single memory cell device, as shown in FIG. 1 , or an entire digital memory device, as shown by an excerpt in FIG. 2 , by optimizing the time Structure and the intensity of the current pulse on both write conductors. In contrast to the method of the invention, in conventional MRAM memory devices, the addressing of the individual memory cell devices is deter mined only by the position of the memory cell at the interSection point of the current-carrying conductrS 9, 11. The magnetic field of the conductorS is added at interSection point K vectorially and here makes possible the remagneti zation. The problem of this method is that the coercive fields of the individual memory cell devices experience a certain Scatter based on irregularities, because of which, the response of only a single cell by means of current pulses can only be effected with difficulty on write conductors in the case of very short pulses of less than 10 ns.
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In the following, the Search for a parameter Set Suitable for Stable Switching will be indicated with respect to pulse duration and current intensity.
The two-dimensional representation shown in FIGS. 3a-3d is used for this search. Prior to applying the pulse, the direction of magnetization in the X-direction, could lie i.e., to the left on the X-axis . FIG. 3a now shows whether a Switching proceSS has taken place as a function of the direction and intensity of the field pulse. The unshaded regions thus designate regions, in which a Switching proceSS has occurred, while the Shaded regions indicate regions in which a Switching process has not occurred. Each point in FIGS. 3a-3d corresponds to a value of the Switching pulse, whereby the direction from the central point to the concrete point indicates the direction of the field pulse in the cell and the distance indicates the intensity of the field pulse. The circles indicate pulses of the same intensity. The regions of stable Switching and not-switching shown in FIGS. 3a-3d result for the permalloy material based on the following parameters from the Landau-Lifschitz equation (1) For a given cell geometry, the possible values at which Stable Switching occurs can be determined from diagrams as in FIGS. 3a to 3d.
In the following, the case will first be considered that a cell is addressed by means of two interSecting address lines, i.e., each address line produces a magnetic field perpendicu lar to it, if the line bears current, to all memory cells lying under it. In the addressed memory cell in the interSecting region, the magnetic fields of the two address lines are then added vectorially. For the sake of simplicity, if one now assumes that both address lines intersect at an angle of B=90, as shown, for example in FIG.3d , then the horizontal address line produces a vertical field, for which the Switch ing behavior according to the field intensity can be read out on the y-axis, e.g., for yo. Analogously, for a vertical address line, the Switching behavior can be read out on the X-axis, e.g., at Xo.
The pointy, the end point of the field is on the horizontal address line and is given the reference number 202, while point X, the end point of the field on the vertical address line, is given the reference number 200. The Switching behavior in the interSecting region can be read off directly for the coordinates (Xo, yo), which is designated the end In the present case, the point Xo, yo lies in the Switching region (unshaded, bright region) for the pulse durations and current intensities used. For given values of pulse duration and pulse shape, optimal values for the pulse intensities to be set for different pulse durations at which stable Switching is produced can be found by means of the above-described method.
While previously, the angle B between the interSecting conductors amounted to 90 in the case of the above described example and in the example described in FIG. 3d As shown on the basis of FIGS. 3a-3e, by Suitable Selection of the pulse duration, the pulse intensity as well as angle B of the address lines relative to one another, Stable Switching can be achieved with Short pulse durations, Since the precession for the end of the pulse is Successfully Suppressed.
The temporal evolution of the different magnetization components m, m, m, is shown in the following FIGS.
4a-e and 5a-e for different places in a two-dimensional diagram, as is the basis of FIGS. 3a-e. In the diagrams, m, m, m, designate the magnetization M, M., M. standardized to the Saturation magnetization M of the considered layer, in the present case, a permalloy layer. In the example of embodiment according to FIGS. 4a-4e, the field pulse is a square pulse of 2.75 ns duration. Prior to applying the field pulse, the magnetization is aligned in the X-direction. The unshaded regions in FIG. 4a designate the field of Successful Switching of magnetization to the +x-direction. The circular coordinate system in FIG. 4a makes possible the establishment of the intensity and direc tion of the field pulse. The intensity of the pulse in the center is 0; the distance of the adjacent circles of the coordinate system amounts to 25 Oe. The four diagrams 4b-e Show the temporal evolution of the magnetization me, m, m, as a function of the position of the resulting field pulse in diagram 4a. At all pulses, one observes at the beginning and at the end of the field pulse an intense ringing; i.e., decays of the magnetization. As can be seen from FIGS. 4a-e, in the case of Smaller intensities of the resulting field pulse, Switching is in no way achieved. In FIGS. 5a-e, the temporal evolution of the magnetiza tion me, m, m, for short Switching pulses of 0.25 ns pulse duration is shown. The two-dimensional representation for the resulting field pulse in FIG. 5a shows a completely different form than for the case of longer pulses of 2.75 ns duration according to FIG. 4a .
In particular, Switching is also possible with resulting field pulses, which point in the direction of magnetization in the unswitched State, i.e., in the -X direction.
In the cases of FIGS. 5c-5e, the final state of the mag netization is analogous to the cases of FIGS. 4c-4e. In contrast to the case of FIG. 4b, Switching does occur  according to FIG. 5b . This can be attributed to the fact that the Switching process with short pulse lengths of 0.2-0.6 ns is dominated by precession. FIG.5c particularly shows how this behavior can be effected. A complete reversal of mag netization within the pulse duration can be observed, whereby no "ringing occurs. The magnetization reverses on a time Scale, which is essentially shorter than the relaxation time of the magnetization. The reason for this behavior can be seen from the fact that the resulting field pulse then decreaseS precisely to 0, i.e., it is Switched off, if the Z-component of the magnetization passes 0. This is advan tageous from an energy viewpoint, Since at this point the Zeeman energy, which is taken from the field, is maximal.
For an ultra rapid Switching, it is particularly advantageous, if a "ringing can be completely Suppressed as in the case of FIG. 6c , since the dead time is id then minimal. This permits a rapid and complete back-and-forth Switching of a memory cell between the magnetization States to the +X and -X directions in Switching pulses that directly follow one another.
FIGS. 6a-6c show the influence of pulse shape on the separating line 198 of the region of Switching or not Switching. The magnetization prior to Switching lies in the -X direction, as in all of the previous two-dimensional representations. It is Switched from the -X direction to the +X direction. The left Side shows the regions of Switching/not Switching for the Square pulse shape; the right Side shows the regions of Switching/not-Switching for a pulse with a rising edge and a falling edge.
The pulse time amounts to 0.25 ns in FIG. 6a ; the process is dominated by precession. FIG. 6b shows the transition region with a pulse duration of 1.40 ns.
FIG. 6c finally shows the region with a pulse duration of 2.75 ns, dominated by the attenuation.
The reversal behavior by means of the current pulse according to the invention will be illustrated below in still more detail on the basis of FIGS. 7 to 10. FIG. 7 shows the parameters used in FIGS. 8 to 9, on the basis of a Sectional image through a memory cell device.
The memory cell device in turn comprises a first magnetic layer 3 as well as an elliptical Second magnetic layer 5. The direction of facilitated magnetization of the anisotropic Second magnetic layer runs along the longitudinal axis of the ellipse, hence in the depicted coordinate System, along the x-axis H(t).
The direction perpendicular to the facilitated direction of magnetization is represented by the y-axis, and that perpen dicular to all of the memory cells by the z-direction. The magnetic field H(t) indicated in FIG. 7 is produced by the current pulse on the write conductors 9, 11, and this field is comprised of a component parallel to the facilitated direction of magnetization H., (t) and a component perpen dicular to the facilitated direction of magnetization H, (t).
The resulting magnetic field H(t) has an angle 0 between magnetic field and facilitated direction of magnetization. In the two-dimensional diagrams of the previously described FIGS. 4-7, this was the angle between the resulting vector of the field pulse in the memory cell, in which the conductors interSect and the X-axis, which coincides with the facilitated direction of magnetization in these examples. Due to the time-dependent magnetic field, a time dependent course of the magnetization m(t) results, which can in turn be cleaved into components m,(t), m,(t), m(t), as was described above in detail.
In FIG. 8 , the course of the magnetization is cleaved into the three normalized components m, m, m, as a function of angle 0, which encloses the applied field H(t) with the facilitated direction of magnetization. AS can be clearly recognized, the reversing of a first alignment, for example, parallel alignment of the magnetization with the Standard ized value 1 to an antiparallel alignment of the magnetiza tion with a Standardized value -1 is achieved essentially more rapidly each time in the X-component of the magne tization for an angle of 0=135 than for an angle of 158.
In the first case, the time duration of the pulse for the directions parallel and perpendicular to the facilitated direc tion of magnetization amounted to 12.4 ns, the field intensity He was -0.005, i.e., -0.5% of the saturation magnetization of the soft layer, and the field strength H was 0.002, i.e., 0.2% of the saturation magnetization of the soft layer.
In the example shown in FIG. 8b , the field strength H, amounted to -0.005 and the field strength. He was 0.005 producing an angle 0 of 135. The pulse duration of the unipolar pulses both parallel as well as perpendicular to the faciliated direction of magnetization amounted to 5 ns. It can be clearly recognized that the reversal of the memory cell is almost twice as fast with an angle of 0=135 than 0=158. In FIG. 9 , the angle 0=158 was established based on the ratio of the current intensities of the magnetic fields parallel and perpendicular to the facilitated magnetization. The mag netic field strength Hamounted to -0.005 and the magnetic field strength H=0.002, According to FIG. 9a, the pulse duration of the unipolar pulses both perpendicular and parallel to the facilitated direction of magnetization amounted to 6.2 ns. AS can be clearly Seen, this pulse duration is insufficient in order to reverse the magnetization m from the parallel state 1 to the antiparallel State -1. An essentially longer time duration is necessary for this, as is shown in FIG. 6d . A reversal is achieved, if the pulse duration, as shown in FIG. 6d , amounts to 12.4 ns for both the direction perpendicular as well as the direction parallel to the facilitated direction of magnetization.
AS can be clearly recognized from this, for the pregiven angle 0, a Selection or addressing of only individual memory regions can be achieved, due to the fact that pulse durations are Selected correspondingly.
As proceeds from FIGS. 10a and 10b, in the method of the invention only those memory cells are addressed, in which the current-conducting conductors intersect. Adjacent memory cells, through which a current is in fact conducted through one of the conductors, remain uninfluenced, since there, the parameter combination of field, field direction and time make the remagnetization impossible. In FIG. 10a , the angle 0-180, i.e., a magnetic field is applied only parallel to the facilitated direction of magnetization, i.e., H=-0.005, H=0. A pulse of T=T=5 ns has no influence on the components m, m, m. In FIG. 10b , the course of the magnetization me, m, m.
is shown for a current pulse, which constructs a magnetic field perpendicular to the facilitated direction of magnetization, thus in which 0 =90. The pulse duration amounts to T=T=5 ns, H=0, H=0.005. After a certain time duration of 25 ns, the magnetizations there are also again achieved at a time point prior to the occurrence of the current pulse, and a reversal of the M component does not occur as it does in the region in which the current conducting lines interSect. All of the previously given field data refer to the Saturation magnetization of the Softer layer 5, wherein for example, -0.005 indicates -0.5% and 0.002 indicates 0.2% of the Saturation magnetization of the Softer layer 5.
Thus, with the method of the invention, a method is indicated for the first time, with which magnetic memory cells can be addressed reliably and without influencing adjacent cells in a digital magnetic memory array, based on individual pulses and Suitable Selection of the same in proportion to current intensity as well as pulse duration. Rapid reversal times of less than 10 ns, preferably less than 5 ns, are realized hereby, with very low current Settings. Simultaneously, in a particularly advantageous configura tion of the invention, the duration of the current pulse can be Selected Such that the power consumption necessary for reversal is minimized.
What is claimed is:
1. A digital magnetic memory cell device for reading and/or writing operations comprising: a first and a Second magnetic layer, each having a mag netization that is aligned parallel or anti-parallel rela tive to one another for the Storage of digital information, wherein at least Said first magnetic layer exhibits a magnetic anisotropy; an intermediate layer disposed between the first and the Second magnetic layers, at least two interSecting printed conductors that conduct reading and writing currents and that interSect in an interSection region of Said first and Second magnetic layers to thereby define a memory cell; means for reversing the magnetization of at least one of the first and Second magnetic layers from a parallel to an anti-parallel alignment and Vice versa, wherein the means for reversing comprises device means for pro ducing Said reading and writing currents on first and Second printed conductors, which comprise Said at least two interSecting printed conductors, wherein the first and Second printed conductors interSect at a predetermined angle B and wherein Said reading and/or writing currents have a pulse duration <10 ns under the following conditions: a set of points, (txo,0),(0,ity), are located in non Switching regions, in which the reading and/or writ ing currents that are applied to the first and Second printed conductors lead to no reversing of the mag netization of the first and Second magnetic layers outside Said memory cell; a resulting field pulse, which is characterized by a Switching point (Xoyo), leads to reversal of the magnetization in Said memory cell; all points (txo,0),(0,--yo) and the Switching point (Xo, yo) are placed as far distant as possible from a 14 whereby a complete and reliable reversal of the magne tization from a parallel alignment to an anti-parallel alignment and Vice versa is achieved in Said memory cell.
2. The digital magnetic memory cell device in accordance with claim 1, wherein the angle f=90, so that the first and Second printed conductors are oriented perpendicularly to one another.
3. The digital magnetic memory cell device in accordance with claim 1, wherein the angle B is Selected from the following range: 0<B<90.
4. The digital magnetic memory cell device in accordance with claim 1, wherein the interSecting printed conductors run parallel to one another in at least one Segment part.
5. The digital magnetic memory cell device in accordance with claim 1, wherein the ratio of the intensity of the currents produced in the first and Second printed conductors relative to one another is Set in Such a way that, in order to reverse the magnetization, the magnetic field has a predetermined angle 0 relative to the facilitated direction of magnetization of the first magnetic layer.
6. The digital magnetic memory cell device in accordance with claim 5, wherein a bipolar current pulse is applied to one of the first and Second printed conductors, wherein the bipolar current pulse produces a magnetic field perpendicu lar to the facilitated direction of magnetization, and a Static current or a current pulse is applied to the other of the first and Second printed conductors.
7. The digital magnetic memory cell device in accordance with claim 1, wherein the reading and writing currents are unipolar pulses.
8. The digital magnetic memory cell device in accordance with claim 1, wherein the anisotropic first magnetic layer has a uniaxial magnetic anisotropy as a result of a growth process and/or shape-related anisotropy.
9. The digital magnetic memory cell device in accordance with claim 1, wherein one of the first and Second magnetic layerS is magnetically harder than the other magnetic layer.
10. A The digital magnetic memory cell device in accor dance with claim 1, wherein a plurality of printed conductors are connected with Said at least two printed conductors of each memory cell device.
11. The digital Magnetic memory cell device in accor dance with claim 10, wherein in each of Said magnetic memory cell devices the ratio of the intensity of the currents produced in he first and Second printed conductors relative to one another is Set in Such a way that, in order to reverse the magnetization, the magnetic field has a predetermined angle 0 relative to a facilitated direction of magnetization of the first magnetic layer, wherein the duration of the reading and writing currents is less than 10 ns end wherein the ratio of the intensity of the reading and writing currents that gives rise to the angle 0 is Selected in Such a way that a complete reversing of magnetization takes place in a single pregiven one of the plurality of magnetic memory cell devices with out influencing the magnetization State of others of Said plurality of magnetic memory cell devices that are neighbors of Said pregiven one magnetic memory cell device.
12. The digital magnetic memory cell device in accor dance with claim 10, wherein the durations of the reading and writing currents are additionally Selected in Such a way that a complete reversing of magnetization is achieved Simultaneously with a minimum power consumption.
13. The digital magnetic memory cell device in accor dance with claim 10, wherein the plurality of magnetic memory cell devices is arranged in matrix form.
14. The digital magnetic memory cell device in accor dance with claim 10, wherein a common means for reversing is assigned to Said plurality of printed conductors, which are arranged in rows and/or columns, and wherein Said magnetic memory cell devices are arranged in matrix form.
15. The digital magnetic memory cell device in accor dance with claim 10, wherein the magnetically harder layer is a layer that passes over Said plurality of magnetic memory cells. 16. A method for reading/writing digital information to a digital memory cell device by changing the orientation of the magnetization in one of first and Second magnetic layers relative to one another, wherein the first and Second mag netic layers each have a magnetization that is aligned parallel or anti-parallel relative to one another, an interme diate layer disposed between the first and the Second mag netic layerS and at least two interSecting printed conductors that conduct reading and writing currents and that intersect in an interSection region to thereby define a memory cell, Said method comprising:
applying Said reading and writing currents to the inter Secting printed conductors, wherein each of the reading and writing currents has a pulse duration Shorter than 10 ns, and wherein a magnetic field is built up in the interSection region at an angle 0 opposite a direction of facilitated magnetization under the following condi tions:
(i) a set of points, (tx0),(0,ity), is located in non Switching regions, in which the reading and writing currents that are applied to the at least two printed conductors lead to no reversing of the magnetization of the first and Second magnetic layers outside of Said memory cell;
(ii) a resulting field pulse, which is characterized by a Switching point (Xoyo), leads to reversal of the 17. The method in accordance with claim 16, wherein a predetermined angle 0 is Set opposite a direction of a facilitated magnetization by a ratio of the current intensities of the reading and writing currents, relative to one another.
18. The method in accordance with claim 17, wherein the reading or writing current on one of the at least two printed conductors, in which the current flux produces a magnetic field perpendicular to the facilitated direction of magnetization, is a bipolar current pulse and a Static current or current pulse is applied to the other of the at least two printed conductors.
19. The method in accordance with claim 18, wherein the time duration of the reading or writing current on the other of the at least two printed conductorS is longer than the duration of a half-wave of the bipolar current pulse.
20. The method in accordance with claim 16, wherein the reading and writing currents are unipolar pulses.
21. The method in accordance with claim 16, wherein the pulse durations of the reading and writing currents are additionally Selected in Such a way that a complete reversing of the magnetization is achieved with a minimum power consumption.
22. The method in accordance with claim 16, wherein said magnetic memory device is one of a plurality of Substan tially identical magnetic memory devices, and further com prising: Selecting one of Said plurality of magnetic memory devices by applying Said reading or writing currents to the at least two intersecting printed conductors thereof, whereby digital information is written to or read from Said Selected magnetic memory cell without influenc ing the magnetization of other magnetic memory cells of Said plurality of magnetic memory cells adjacent thereto.
